The Ogr protein is a 72-residue, zinc-binding transcription factor essential for activation of late gene expression in bacteriophage P2. Analysis of C-terminal truncated proteins generated by stop codon mutagenesis shows that deletion of residues distal to position 51 had negligible effects on Ogr function. More-extensive deletion resulted in unstable products with severely reduced activity. These results, as well as the elfects of other mutations in this region, support the idea that the 21 C-terminal residues are not required for transactivation.
The P2 ogr gene encodes a transcription factor essential for activation of the late genes of bacteriophage P2 (for a review, see reference 3). It has been suggested that Ogr binds to promoter regions at a dyad symmetry element centered at position -55 upstream of the operons it controls (10, 25) . Furthermore, genetic evidence implies a direct interaction between Ogr and the host RNA polymerase: the rpoA109 allele of the ot subunit of Escherichia coli RNA polymerase specifically imposes a block on P2 late gene transcription which is overcome by suppressor mutations located in the ogr gene (8, 24) . This suggests that the Ogr protein functions in a transcription initiation complex via specific contacts between Ogr and DNA and also between Ogr and the at subunit of RNA polymerase. Despite considerable efforts, however, no direct experimental evidence for any of the proposed binding interactions of the Ogr protein has yet been obtained, and the mechanism of Ogr action remains elusive.
Ogr belongs to a family of functionally and structurally homologous proteins, encoded by P2-and P4-related phages, which show no significant sequence similarity to other known transcription factors. A comparison between Ogr and the related proteins from bacteriophages P4 and 186 and retronphage 4R73 is shown in Figure 1 . There is strong conservation of amino acids in the amino-terminal two-thirds of these proteins; seven amino acids, including four cysteines arranged in the pattern CysX2CysX22CysX4Cys, are invariant. This arrangement does not correspond closely to the consensus sequences of any of the known classes of DNA-binding zinc finger proteins (7) . While it has been demonstrated that purified Ogr binds zinc (17) , the exact role that zinc binding may play in the mode of action of the Ogr protein is still unknown. The carboxy-terminal regions of these proteins show little sequence conservation. They do, however, contain an unusually large number of proline residues and are predicted to be fairly hydrophobic. It has been proposed (16) that this proline-rich region may constitute a transcription activation domain, reminiscent of the proline-rich domain which has been invoked for some eukaryotic transcriptional activators (18 (14) , with reagents, protocols, and bacterial strains supplied in the Phagemid mutagenesis kit (Bio-Rad). Single-stranded, uracil-containing pKG100 template DNA was isolated by infection with the helper phage M13K07 (26) . Mutations were identified either by direct sequencing or by probing with an oligonucleotide containing the corresponding mutation. Oligonucleotides were end labeled with 32P as described elsewhere (20) . Hybridizations were carried out overnight in 6 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% skim milk at 7°C below the calculated melting temperature for the oligonucleotide. All mutations were verified by dideoxy sequencing (21) .
Plasmids carrying the different ogr mutations were transformed into the nonsuppressing E. coli C strain C-la (22) by the transformation and storage solution (TSS) method (6) . The effect of each mutation on Ogr function was assayed by complementation tests with the ogr-defective phage P2dell5 (1). P2dell5 lacks half of the ogr gene and is unable to produce a burst of phage unless supplied with functional Ogr protein in trans. Burst size determinations were performed essentially as described in Halling et al. (11) , with the following modifications. A temperature of 30°C was used in order to reduce the instability of pBluescript in E. coli C (9). The multiplicity of infection of P2dell5 was 0.01 (1) , and E. coli C-1055 (27) containing the ogr-expressing plasmid pKG100 was used as the P2 indicator and plating strain. P2dell5 was adsorbed for 8 min, and at 16 min infective centers were determined by plating appropriate dilutions on ampicillin and streptomycin plates (100 and 50 ,ug/ml, respectively). After 90 min of incubation, aliquots from the final dilutions were plated to determine the phage yield. Also shown in Table 1 is the effect of a frameshift mutation which is predicted to produce a protein carrying 25 extra C-terminal amino acids. This mutation generates a His-to-Arg substitution at position 56 and inserts an extra base next to the Arg codon, causing a frameshift that lengthens the coding region to 291 bases and extends the polypeptide to 97 amino acids. The burst size for this mutant was reduced 10-fold but is still 3 orders of magnitude higher than that for the control without Ogr protein. This result is consistent with the idea that the C-terminal end is highly tolerant to changes in amino acid composition and not required for the transactivating function.
In order to determine whether the lack of Ogr activity in the nonsense mutants was due to synthesis of an inactive protein or instability of the truncated polypeptide, crude extracts from cells carrying the mutated ogr genes were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Cultures were grown at 30°C in Luria-Bertani medium plus 100 ,ug of ampicillin per ml to an optical density at 600 nm of 0.5. Aliquots (1 ml each) were centrifuged, resuspended in 50 ,ul of Laemmli sample buffer (15) , and boiled for 3 to 5 min prior to electrophoresis on SDS-15% polyacrylamide gels. Proteins were visualized by silver staining, according to the instructions supplied by the manufacturer (BioRad). As shown in Fig. 2 , the predicted truncated Ogr proteins are produced in sufficient quantities to be detected by silver staining except in the cases of V-50* and K-51*. To resolve whether the lack of detectable protein in cells carrying the V-50* and K-51* derivatives was due to degradation or defective synthesis, we examined whether the amber mutations at these two positions could be suppressed by various amber suppressors. Plasmids containing the V-50* and K-51* mutations were transformed into bacterial strains carrying suppressor tRNA genes for tRNAs inserting Ser, Gln, Tyr, Lys, Leu, and Gly and assayed for ability to complement P2dell5. Suppression of the amber codon at position Lys-51 by insertion of any of the six amino acids restored transactivating ability, while four substitutions were functional at position Val-50 (Table 2 ). These results demonstrate that the plasmids are directing the synthesis of Ogr, even though we were not able to observe the truncated proteins by SDS-PAGE and silver staining. This suggests that the mutant proteins V-50* and K-51* are unstable and that the observed reduction in burst size is attributable to degradation of the amber fragments. Instability may result from mis-or unfolding of the truncated proteins, since abnormal polypeptides of this type are targets for degradation by a class of proteolytic enzymes in E. coli (5, 19) . Alternatively, the newly exposed C-terminal residues may themselves have destabilizing properties which increase susceptibility to proteolytic attack (19) . Although the V-50* and K-51* Ogr proteins are not functional, inasmuch as they produce a burst of no more than one progeny phage per cell, the average burst size was still significantly higher than the background level. This could indicate that these truncated proteins also retain some activity, although it may be compromised by the degradation process. Our analysis has demonstrated that the 21 C-terminal amino acids are nonessential. An N-terminal Ogr polypeptide of only 51 amino acids is apparently stable in vivo and retains Ogr function. The fact that all six suppressors allowed growth of the Lys-51 amber mutant indicates that this amino acid, while important for stability of the truncated polypeptide, is not important for Ogr function. The dispensable C terminus encompasses the entire proline-rich region, including a conserved Pro at residue 52, effectively ruling out the hypothesis that this region constitutes a transcriptional activation domain. The experimentally determined endpoint for a stable Ogr polypeptide corresponds closely to the point of divergence of amino acid similarity among Ogr and its analogs from related bacteriophages, suggesting that the C-terminal regions of these related proteins are also likely to be nonessential for transactivation.
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